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Objective: To review the potential and proven benefits and com-
plications of epidural anesthesia/analgesia.
Summary Background Data: Advances in analgesia/anesthesia
have improved patient satisfaction and perioperative outcomes.
Epidural anesthesia/analgesia is one of these advances that is gain-
ing rapid acceptance due to a perceived reduction in morbidity and
overall patient satisfaction.
Methods: A MEDLINE search was conducted for all pertinent
articles on epidural anesthesia/analgesia.
Results: Retrospective, prospective, and meta-analysis studies have
demonstrated an improvement in surgical outcome through beneficial
effects on perioperative pulmonary function, blunting the surgical
stress response and improved analgesia. In particular, significant reduc-
tion in perioperative cardiac morbidity (�30%), pulmonary infections
(�40%), pulmonary embolism (�50%), ileus (�2 days), acute renal
failure (�30%), and blood loss (�30%) were noted in our review of the
literature. Potential complications related to epidural anesthesia/analge-
sia range from transient paresthesias (�10%) to potentially devastating
epidural hematomas (0.0006%).
Conclusions: Epidural anesthesia/analgesia has been demonstrated
to improve postoperative outcome and attenuate the physiologic
response to surgery.

(Ann Surg 2003;238: 663–673)

Advances in perioperative anesthesia and analgesia have
improved pain relief and satisfaction in surgical patients.

Opioid administered via patient-controlled analgesia (IV-PCA)
provides better analgesia and patient satisfaction than conven-
tional delivery. However, IV-PCA has not been demonstrated
to affect postoperative outcome significantly. Recent studies
suggest that advances in anesthesia and postoperative anal-
gesia can affect postoperative outcome.1–3 Epidural anesthe-
sia and analgesia have the potential to reduce or eliminate the

perioperative physiologic stress responses to surgery and
thereby decrease surgical complications and improve out-
comes.1–3 The purposes of this review are to integrate experi-
mental and clinical data addressing the physiologic effects of
epidural anesthesia and postoperative epidural analgesia on sur-
gical patients and to review the real and potential benefits of this
technology with respect to patient outcomes. The effects of
epidural anesthesia and analgesia on cardiovascular, coagula-
tion, pulmonary, and gastrointestinal physiology; the surgical
stress response; immune function; cognition; complications; and
surgical outcomes will be reviewed separately.

CARDIOVASCULAR SYSTEM
Cardiac morbidity is the most common cause of death

after major surgical procedures. Anesthetic techniques that
reduce cardiac morbidity will therefore have potential for
improving surgical morbidity and mortality. Thoracic epi-
dural anesthesia (TEA) with local anesthetics (eg, lidocaine)
can produce a selective segmental blockade of the cardiac
sympathetic innervations (T1-T5).1 Since perioperative sym-
pathetic activation plays a causative role in the development
of myocardial ischemia and infarction, inhibition of this
activation would be expected to reduce cardiac morbidity.
Excessive activation of the cardiac (T1-T5) sympathetic ner-
vous system by surgical stress has been demonstrated to
increase indices of myocardial oxygen demand, while induc-
ing coronary artery vasoconstriction (decreasing supply), thus
resulting in clinical correlates of myocardial ischemia such as
ST segment changes, angina, and arrhythmias.1,4 Further-
more, sympathetic activation also plays a role in the devel-
opment of postoperative hypercoagulable state (see below),
further contributing to coronary artery thrombosis.5 Thoracic
epidural anesthesia with local anesthetics, by selectively
blocking cardiac sympathetic nerve fibers, blunts these ad-
verse effects of surgical stress. Although total coronary blood
flow typically remains unchanged when TEA is administered,
blood flow to ischemic regions of myocardium may increase.6

By blocking sympathetically mediated coronary constriction,
endocardial to epicardial blood flow ratio is improved, thus
optimizing the regional distribution of myocardial blood
flow. Thoracic sympathetic blockade also reduces the major
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determinants of myocardial oxygen demand, such as blood
pressure, heart rate, and contractility. TEA thus improves the
balance between cardiac supply and demand. Animal models
convincingly demonstrate that TEA during acute coronary
artery occlusion is associated with decreased myocardial
infarct size.4,7 Similarly, TEA has been used as an effective
treatment of refractory myocardial ischemia in humans.6,8

Smeets et al9 studied a small group of patients undergoing
aortic reconstructions and found significantly lower levels of
urinary catecholamine excretion in epidural patients com-
pared with general anesthesia patients. Gold et al10 also
compared catecholamine release in patients undergoing ab-
dominal aortic aneurysm repairs randomized to lumbar epi-
dural or general anesthesia. They reported a large increase in
serum catecholamine levels in the general anesthesia group
but not the epidural group.

Studies of high-risk surgical patients randomized to
TEA plus general anesthesia or general anesthesia alone have
demonstrated fewer cardiac complications in TEA patients
(Table 1).11,12 These studies suggest that there is approxi-
mately a 4-fold reduction in the incidences of postoperative

congestive heart failure, myocardial infarction, and death in
patients treated with epidural local anesthetics compared with
those treated with balanced general anesthetics.12 A nonran-
domized study (n � 198) also suggested that TEA patients
have fewer episodes of myocardial ischemia than a cohort of
general anesthesia patients (5% versus 17%, P � 0.04).13

Although the data from relatively small studies clearly sug-
gest that intraoperative TEA and postoperative thoracic epi-
dural analgesia with local anesthetics are associated with
reduced cardiac morbidity and mortality, most studies are
insufficiently powered to demonstrate clinically and statisti-
cally significant benefits.13 It is important to emphasize that
the beneficial effects of regional anesthetics on cardiac mor-
bidity are likely limited to thoracic epidural techniques with
local anesthetics. Lumbar epidural anesthesia or TEA with
narcotics only (eg, fentanyl) will not block cardiac sympa-
thetic nerves. Furthermore, it is likely that postoperative
thoracic epidural analgesia for 48–72 hours is required to
assure the maximum cardiac benefits. A randomized study
conducted by Baron et al did not demonstrate a decrease in
cardiac morbidity in patients undergoing aortic reconstruc-
tions treated with intraoperative thoracic epidural anesthesia
and light general anesthesia, compared with those treated
with general anesthesia only.14 However, this study did not
control for postoperative analgesia. In fact, 63% of epidural
anesthesia patients did not receive postoperative epidural
analgesia, and 59% of general anesthesia patients received
postoperative epidural analgesia. This study suggests that the
beneficial effects of TEA on cardiac morbidity in high risk
(eg, aortic reconstructions) may require several days of post-
operative epidural analgesia, a finding not unexpected be-
cause cardiac morbidity frequently occurs on the third or
fourth day after surgery.

The beneficial effects of epidural anesthesia/analgesia
in patients undergoing vascular surgery are well documented
(Table 1).15–18 In 1993, Tuman et al17 reported a randomized
study comparing outcomes in patients undergoing major
vascular operations. Eighty patients were randomized to epi-
dural bupivacaine/fentanyl anesthesia/analgesia or general
anesthesia plus IV-PCA analgesia groups. Similar to the
studies mentioned above, there were fewer episodes of con-
gestive heart failure and myocardial infarction in the epidural
patients (10 versus 5% and 8 versus 0%, respectively, P �
0.05). These authors also reported a dramatic reduction in
vascular graft occlusion (1 versus 9, P � 0.007), as well as a
significant difference in thromboelastographs between
groups, a finding suggesting that general anesthesia patients
were hypercoagulable, whereas the epidural group main-
tained normal coagulation.

Another prospective randomized study comparing 100
patients undergoing infra-inguinal revascularizations reported
significant differences in vascular graft occlusions in the
epidural versus the general anesthesia groups (4 of 49 [8%]

TABLE 1. Statistically Significant and Potential/Probable
Benefits of Epidural Anesthesia/Analgesia Compared With
General Anesthesia and Systemic Analgesia

Cerebral
Improved postoperative cognition98,101–105*
Reduction in cerebral vascular accidents26*

Cardiovascular
Reduced myocardial infarction11–13, 26†

Improved vascular graft patency17, 18†

Reduced blood loss26†

Reduction in transfusion requirement2, 26†

Reduced deep venous thrombosis26†

Pulmonary
Reduced pulmonary infection32, 26†

Reduced pulmonary embolism32, 26†

Reduced respiratory depression32, 26†

Reduced hypoxemia37–39*
Reduced intubation time11, 16, 41†

Stress response
Reduced serum catecholamines9†

Gastrointestinal
Reduced ileus46, 51†

Renal
Reduced acute renal failure26†

Surgical outcomes
Reduced length of stay43†

Reduced 30-day mortality26*
†significant reduction.
*Nonsignificant reduction.
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versus 22 of 51 [43%], P � 0.01).18 In a companion study,
these investigators also assessed the status of the fibrinolytic
system in their patients.19 Levels of plasminogen activator
inhibitor-1 (PAI-1), which blocks plasmin-mediated fibrino-
lysis, were significantly elevated in the general anesthesia
group, whereas levels were maintained at preoperative levels
in the epidural group, presumably contributing to the differ-
ences in graft occlusion rates. Of interest, the epidural anes-
thesia patients did not receive postoperative epidural analge-
sia, suggesting that the effects on coagulation are produced
by intraoperative epidural anesthesia. Finally, a recently re-
ported randomized, controlled VA Cooperative Study16 con-
cluded that epidural anesthesia and analgesia improved the
overall outcomes and shortened intubation times and ICU
stays in patients undergoing abdominal aortic operations.

In summary, 4 large studies involving high-risk (eg,
aortic reconstruction) surgery patients have reported signifi-
cant reductions in cardiac morbidity associated with use of
intraoperative and postoperative epidural anesthesia/analge-
sia using local anesthetics plus opioids. In addition, intraop-
erative epidural administration of local anesthetics blunts the
physiologic hypercoagulable surgical stress response and
modifies the perioperative hypercoagulable state. This occurs
via several mechanisms, such as blockade of sympathetic
efferent signals, enhanced fibrinolytic activity, and systemic
absorption of local anesthetics. The clinical relevance of
these phenomena are confirmed by convincing data that
intraoperative epidural anesthesia improves graft patency in
lower extremity vascular reconstruction patients.

COAGULATION
Thromboembolic events in the postoperative period

have been linked to the hypercoagulable environment initiated
during surgery. The primary contributors to this pro-thrombotic
state are a reduction in venous blood flow secondary to positive
pressure ventilation, neuromuscular blockade, and activation
of the sympathetic system. Sympathetic stimulation produces
marked increases in factor VIII- and factor VIII–related
antigen (von Willibrand factor), inhibits fibrinolysis through
PAI-1, decreases antithrombin III (a powerful natural antico-
agulant), and initiates platelet aggregation.20–22 Epidural an-
algesia and anesthesia (EAA) attenuates the hypercoagulable
perioperative state and decreases thromboembolic complica-
tions associated with surgery by blunting the sympathetic
response and improving lower extremity blood flow. In ad-
dition, the systemic absorption of local anesthetics, improved
pain control, and earlier mobility likely decrease the inci-
dence of clot formation. Blunting the sympathetic response to
surgery with EAA is associated with demonstrable effects on
the coagulation cascade, with normalization of both factor
VIII- and factor VIII–related protein, decreases in PAI-1, and
an increased antithrombin III.19,21 Several studies have dem-
onstrated that systemic absorption of local anesthetic act as an

anticoagulant by blocking thromboxane A2 (TX) signaling23

and reduce blood viscosity by minimizing protein, erythro-
cyte, and platelet aggregation.24,25

The clinical merits of epidural analgesia’s effects on
coagulation have been addressed in 2 recent meta-analyses of
randomized clinical studies. Rodgers et al26 analyzed 141
randomized clinical trials comparing EAA to general anes-
thesia and calculated 44% reduction in deep venous throm-
bosis and a subsequent 55% reduction in pulmonary emboli
(Table 1). Another analysis of 22 randomized studies in
patients undergoing lower abdominal and lower extremity
orthopedic surgery found a significant reduction in thrombo-
embolic complications when general-epidural anesthesia/an-
algesia was compared with general anesthesia-systemic anal-
gesia (28% to 62%, respectively).27 Interestingly, in a
subgroup comparison of 5 randomized trials in abdominal
surgery patients, these investigators found a less impressive
reduction of thromboembolic complications of 22.4% to
15.7%. They propose 2 explanations for the discrepancy.
First, thoracic epidurals have a less significant effect on lower
extremity and deep pelvis blood flow. Second, only 1 of the
5 studies emphasized aggressive postoperative mobility in
both groups to exploit all the benefits of epidural analgesia’s
effects.

Epidural anesthesia significantly minimizes blood loss
during lower abdominal/pelvis and hip surgery. The proposed
mechanisms are by lowering the mean arterial blood pressure
(MAP) through sympatholysis and redirecting blood flow
away from the operative site (Table 1).2

In summary, patients undergoing major operations under
EAA benefit from improved venous blood flow, attenuation
of the sympathetic response to surgery, the anticoagulant prop-
erties of local anesthetics, early mobility, and lowering of MAP.

PULMONARY
Pulmonary morbidity in the postoperative period has

been attributed to the type of anesthetic agent and physiologic
perturbations of the pulmonary system. Thoracic epidural
analgesia/anesthesia (TEAA) can reduce the incidence of
postoperative atelectasis, pneumonia, and hypoxemia by di-
rectly influencing these variables.28–32

Perhaps the most profound effect of major abdominal
and thoracic surgery on pulmonary function is a reduction in
the functional residual capacity (FRC) due to diaphragmatic
dysfunction, decreased chest wall compliance, and pain-
limited inspiration. As a result, FRC decreases by at least
20% after abdominal surgery, reaching its lowest point at
24–48 hours and not returning to normal until 1 week.30,31

On the other hand, TEAA with a local anesthetic and general
anesthesia when compared with IV-PCA and general anes-
thesia resulted in a 27% increase in the FRC and an overall
improvement in pulmonary outcome.33 Reflex inhibition of
the phrenic nerve after major surgery also causes measurable
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impairment of diaphragm contractility that continues 5–7
days postoperatively.28 The reflex inhibition is not affected
by the use of systemic or epidural opioids. However, TEAA
with a local anesthetic disrupts the reflex arc and permits
normal diaphragm function.28–31,34 In addition, an increase in
chest wall muscle tone and decreased chest wall compliance
secondary to both the spinal reflex arc and pain are blunted
with TEAA. Thus, TEAA improves measurable pulmonary
function by blunting spinal reflex arcs, controlling pain, and
increasing chest wall compliance. It should be noted, how-
ever, that while there is demonstrated improvement in pul-
monary function tests after major abdominal or thoracic
surgery under TEAA, well-conducted studies have found no
significant correlation between postoperative pulmonary
function tests and the incidence of pulmonary complica-
tions.32 Therefore, pulmonary morbidity must be evaluated
not only by surrogate markers, but rather by the incidence of
pneumonia, respiratory failure, atelectasis, and hypoxemia.

Postoperative hypoxemia contributes to both pulmo-
nary dysfunction and myocardial ischemia.35–37 Specifically,
Catley et al38 found significantly fewer hypoxemic events in
elderly patients undergoing lower extremity orthopedic pro-
cedures when they received epidural anesthesia with local
anesthetic (Table 1).38 The use of systemic and epidural
opioids is associated with a higher incidence of hypoxemic
events compared with epidural analgesia with a local anes-
thetic alone.11,37–39 A recent meta-analysis of randomized
controlled clinical trials assessed improvements in pulmonary
outcomes comparing systemic opioids, epidural opioid, and
epidural local anesthetic. They found that the use of epidural
opioids, compared with systemic opioids, was associated with
significantly less atelectasis and a reduced incidence of pul-
monary complications.32 However, epidural local anesthetics
significantly reduced the incidence of pulmonary complica-
tions, atelectasis, and pneumonia and raised the postoperative
partial pressure of oxygen even higher.32 Subsequently, a
meta-analyses of 141 randomized trials found a 39% reduc-
tion in pneumonia and a 59% reduction in respiratory depres-
sion (both P � 0.001) in patients treated with TEAA using
local anesthetic, compared with patients treated with general
anesthesia and PCA (Table 1).25 A review of 462 surgical cancer
patients managed with either epidural analgesia or systemic
opioids found a distinct advantage with TEAA. Patients receiv-
ing epidural analgesia were extubated sooner (0.5 days versus
1.2 days, P � 0.05), spent less time in the intensive care unit
(ICU) (1.3 days versus 2.8 days, P � 0.05), and spent less time
in the hospital (11 days versus 17 days, P � 0.05). The authors
calculated a cost savings of $4675 for each patient managed with
epidural analgesia.40 As mentioned above, a recently published
prospective multicenter study also reported decreased intubation
times and ICU stays in epidural patients after abdominal aortic
operations.16

On the other hand, several randomized studies have not
demonstrated any improvement in pulmonary outcome with
the use of TEAA. These studies, however, consisted mostly
of healthy low-risk patients, did not control for postoperative
analgesia, and/or lacked sufficient statistical power40–42

In summary, we believe the data support the conclusion
that epidural analgesia with local anesthetic can improve
pulmonary outcomes by attenuating the physiologic response
to surgery, controlling postoperative pain, permitting earlier
extubation, and reducing length of stay.

GASTROINTESTINAL FUNCTION
Gastrointestinal ileus dramatically effects morbidity

and length of hospital stay after major surgery.44 The patho-
physiology of postoperative ileus is clearly related to abdom-
inal pain and surgical stress-activated reflex arcs of sympa-
thetic activity. Afferent pain fibers and sympathetic efferent
fibers contribute to ileus.1 Blockage of afferent pain signals
and efferent sympathetic reflex arcs by intraoperative epi-
dural anesthetic and postoperative epidural analgesic tech-
niques should abolish the stress response and minimize the
effect of surgery on bowel function.1,45 In addition, the
anatomy of the autonomic nervous system permits the use of
epidural anesthesia and analgesia to block the inhibitory
sympathetic efferents to the gut while preserving the stimu-
latory parasympathetic efferents.1,45 Parasympathetic inner-
vation via both the vagus nerve and sacral nerve roots can be
spared, while sympathetic innervations to the gut (T5-L2) can
be selectively blocked when local anesthetics are delivered
through a midthoracic epidural catheter. Thus, in theory and
in practice, TEA can enhance bowel motility not only by
producing pain relief and lessening the systemic stress re-
sponse, but also by creating a sympathectomy, resulting in
unopposed parasympathetic innervations to the gut. Sympa-
thetic stimulation, pain, opioids, nitrous oxide, inhalation
anesthetics, and increased endogenous catecholamines all
contribute to postoperative ileus, and all are blunted or
blocked in patients treated with perioperative TEA.1,2,45

Steinbrook46 has proposed 6 mechanisms whereby TEA may
promote gastrointestinal motility: (1) blockage of nociceptive
afferent nerves; (2) blockade of thoracolumbar sympathetic
efferent nerves; (3) unopposed parasympathetic efferent
nerves; (4) reduced need for postoperative opioids; (5) in-
creased gastrointestinal blood flow; and (6) systemic absorp-
tion of local anesthetic. Illustrating the effect of epidural local
anesthetics on intestinal motility is a report of thoracic epi-
dural bupivacaine administration resulting in resolution of
acute colonic pseudo-obstruction or Ogilvie syndrome, a
condition generally considered to reflect an imbalance of
sympathetic and parasympathetic colonic innervation, usually
aggravated by systemic narcotic effects.47

Many studies comparing TEA versus balanced general
anesthesia and systemic opioid analgesia have reported more
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rapid recovery of bowel function in TEA patients.1,2,45,48–51

Gastrointestinal function typically returns 2–3 days earlier in
patients randomized to TEA and postoperative epidural an-
algesia. Objective endpoints such as transit of radiopaque
markers and GI myoelectric actively, as well as the more
subjective endpoints such as flatus or bowel movements, are
consistently improved.52 Eight prospective randomized stud-
ies have concluded that patients treated with TEA and epi-
dural analgesia demonstrate faster recovery of gastrointesti-
nal function than those treated with balanced anesthesia and
systemic opioid analgesia.1 Studies not demonstrating bene-
ficial effects of epidural catheters with respect to duration of
ileus either administered systemic opioids postoperatively,
prior to the return of bowel function, or used lumbar epidural
catheters.4 Randomized studies have also shown that gastro-
intestinal motility resumed more quickly with the use of
epidural local anesthetics compared with epidural narcotics
(Table 1).1,51,53 Epidural opioids alone likely have minimal
advantage over systemic opioids with respect to duration of
intestinal ileus. In summary, the data demonstrated that in-
traoperative TEA and postoperative thoracic epidural analge-
sia with regimens containing local anesthetics results in more
rapid recovery of bowel function. It is emphasized that there
are several prerequisites for achieving this result. First, the
epidural must be placed and activated prior to the surgical
stress and nociceptive afferent stimulation. Second, the epi-
dural catheter should include the T5-L2 dermatomes, and the
solution administered into the catheter should include local
anesthetics to affect a sympathetic blockade of the gut. Third,
the epidural local anesthetics need to be administered post-
operatively until bowel function returns (usually 2–3 days) to
achieve the full benefits of the technique.

Are there potential risks of epidural anesthesia in pa-
tients undergoing gastrointestinal surgery? Some authors
have questioned whether epidural analgesia might be detri-
mental to healing of gastrointestinal anastomoses because of
the increased bowel motility. There is substantial experimen-
tal and clinical evidence, however, that epidural anesthesia/
analgesia is safe for patients undergoing bowel resections
with anastomoses. In addition, studies in animals and humans
have demonstrated that TEA with local anesthetics during
surgical stimulation maintains intestinal mucosal blood flow
and gastric mucosal pH at physiologic levels compared with
controls treated with general anesthetics.54–56 It has been
hypothesized that the increased mucosal flow would promote
anastomotic healing.57 In fact, retrospective cohort controlled
studies suggest that regional anesthetic techniques were as-
sociated with a beneficial effect on anastomotic healing
rates.58,59

STRESS
The stress response to surgery initiates a predictable

cascade of physiologic and metabolic events through direct

activation of the sympathetic and somatic nervous system.
The response begins with the initiation of general anesthesia
and lasts 3 to 4 days postoperatively.18 The resultant release
of neuroendocrine mediators and cytokines (IL-1, IL-6,
TNF-�) produces the clinical sequelae of tachycardia, hyper-
tension, fever, immunosuppression, and protein catabolism,
which peaks postoperatively and is temporally related to
postoperative morbidity.60–65 The magnitude of the stress
response, as reflected by serum and urinary markers, likely
correlates with postoperative cardiac, vascular, and infectious
morbidity; attenuation should decrease these morbidities.66

Epidural anesthesia has the potential to block completely the
sympathetic response to surgery below the umbilicus and to
blunt significantly the response to surgery above the umbili-
cus.67,68 This is shown by a prospective randomized study of
patients undergoing an elective abdominal aortic aneurysm
(AAA) repair who had a marked reduction in serum cortisol
levels (P � 0.01) and urinary catecholamines (P � 0.01) with
epidural anesthesia (Table 1).9 However, providing adequate
postoperative analgesia does not necessarily equate with
blocking the sympathetic response. Epidural local anesthetics
block the sympathetic response, whereas epidural opioids
incompletely block the signal.67,68 This is consistent with the
fact that opioids only block the nociceptive pathways of
sympathetic activation while local anesthetics inhibit both
nociceptive and non-nociceptive routes.

Two studies have demonstrated superiority of EAA
over other analgesics in blunting the stress response. Kehlet
and Holte27 evaluated the effect of analgesia, including IV-
PCA, nonsteroidal antiinflammatory drugs (NSAIDs), and
epidural anesthesia, on attenuating this response in an effort
to reduce morbidity. Only epidural analgesia significantly
reduced the magnitude of the stress response.69,27 As further
support, a study by Moller70 found that IV-PCA provided
effective postoperative analgesia without altering the magni-
tude of the stress response after surgery.

Does a reduction in the stress response result in a
reduction in postoperative morbidity? Reductions in postop-
erative cardiac, pulmonary, coagulation, and infectious mor-
bidity have been demonstrated in patients treated with epi-
dural techniques, likely related to blunting of the stress
response. For example, Yeager et al11 demonstrated a signif-
icant reduction in cardiac morbidity in EAA patients that
correlated with concurrent, significantly lower urinary corti-
sol excretion compared with levels measured during general
anesthesia. A decline in serum catecholamines and their
subsequent effects of tachycardia, hypertension, and in-
creased myocardial oxygen consumption were proposed as
the probable mechanism.11 A similar study18 has demon-
strated a reduction in graft occlusions and lower plasma
catecholamine levels in a series of patients with epidurals
undergoing lower extremity vascular surgery. Additionally,
sympathetic activation increases metabolism resulting in hy-
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perglycemia and protein catabolism, both of which have been
implicated in infectious complications and impaired wound
healing.71 Thus, the predictable cascade of events unleashed
during the stress response can be blunted with EAA and may
minimize common postoperative complications.

IMMUNE RESPONSE
Impairment of the immune system after surgery is a

well-recognized phenomenon that has been linked to both an
increase in postoperative infections and the progression of
cancer.72–80 Although the exact etiology is unclear, activation
of the surgical stress response, inhaled general anesthetics,
and intravenous opioids are 3 suspected factors. The stress
response causes suppression of T cell, B cell, monocyte,
neutrophil, and cytotoxic natural killer (NK) cell activity, and
inhaled general anesthetics and intravenous opioids directly
decrease cytotoxic activity of NK cells and inhibit leukocyte
function.72,74,76,78,81–96 As described previously, EAA may
preserve postoperative immune function by attenuating the
stress response, reducing the minimum alveolar concentration
(MAC) of inhaled anesthetics and minimizing the use of
parenteral opioids, thus helping to maintain a competent
immune system.11,17,40,41,69

In several studies, significant reductions in the inci-
dence of postoperative infections have been reported in pa-
tients treated with EAA containing local anesthetics when
compared with the incidence in patients treated with paren-
teral analgesia.11,17 Although growth of primary tumors and
metastasis has been associated with postoperative immuno-
suppression in several animal models,72–76,78 these effects
have never been demonstrated in humans. In summary, blunt-
ing of perioperative immunosuppression by EAA is associ-
ated with reduced infectious complications and has theoreti-
cal benefits in surgical oncology outcomes.

COGNITIVE
Cognitive dysfunction occurs postoperatively in ap-

proximately 20% of patients, peaking on the second postop-
erative day and resolving 1 week after surgery.97 No clear
etiology has been elucidated, but it has been correlated with
episodes of hypoxemia, medications, preoperative depres-
sion, and general anesthesia.98–100 The elderly seem to suffer
the highest incidence of confusion in the postoperative period
(20–50%) as well as the subsequent sequelae of increased
pneumonia, urinary complications, decubitus ulcers, and
longer hospital stays.98,101 In addition, their mental status
impairment may last up to 1 month.100 Whether EAA has an
effect on cognitive dysfunction is controversial.97,98,102–106 A
recent prospective randomized trial of 262 total knee replace-
ments in patients with a mean age of 69 years found no
significant difference in cognitive tests at 1 week and 6
months postoperatively between epidural and general anes-
thesia groups.104 Conversely, a prospective randomized trial

by Hole et al99 found significant improvement in postopera-
tive mental status and PaO2 values in elderly individuals
undergoing total hip replacements with EAA (Table 1).

EAA can affect other important variables that may
minimize postoperative cognitive dysfunction. A prospective,
randomized, double-blinded, placebo-controlled trial found
that epidural anesthesia significantly reduced the MAC of
sevoflurane (�50%) needed by 44 patients undergoing elec-
tive surgery.105 However, many experts believe that postop-
erative cognitive dysfunction is related to the postoperative
analgesic rather than the intraoperative anesthetic. This being
the case, EAA has been shown to cause less sedation in the
postoperative period when compared with IV-PCA.107,108 It
is our bias that EAA minimizes the amount of general
anesthetic, allows better pain control with less sedation, and
increases postoperative PaO2, all of which may contribute to
improved postoperative cognition.

COMPLICATIONS
Potential complications of EAA may decrease the ac-

ceptance and enthusiasm for these techniques. Neurovascular
injury during catheter placement and local anesthetic/analge-
sic reactions are uncommon. However, local anesthetic neu-
rotoxicity is a well-described phenomenon related to the type
and concentration of anesthetic and systemic absorption.
Specifically, intrathecal lidocaine at high doses has been
associated with neurologic side effects not related to hemor-
rhage or infection.109,110 Systemic absorption of local anes-
thetics at high doses can produce seizures, loss of airway
protective reflexes, respiratory depression, coma, cardiac ar-
rhythmias, hemodynamic instability, and motor or autonomic
blockade (urinary retention, weakness) in 0–45% of pa-
tients.111–113 These potential problems have been addressed
by the use of thoracic versus lumbar epidurals, lower anes-
thetic concentrations, and avoidance of lidocaine.113

Hypotension and bradycardia are 2 important potential
hemodynamic consequences of EAA induced sympatholysis.
A recent prospective multicenter randomized trial found the
incidence of hypotension after epidural-general anesthesia,
defined as a �30% reduction from baseline blood pressure, to
be 41% compared with 23% after general anesthesia alone
(P � 0.049). There were no significant differences in heart
rate or episodes of bradycardia.114 Strategies employed to
balance these untoward effects include preinduction fluid
administration, avoidance of lidocaine, and selected use of
epidural fentanyl.115 Critics of EAA worry that sympatholy-
sis will result in hypotension and excessive fluid administra-
tion. However, as discussed above, the incidence of compli-
cations associated with excess fluid administration, cardiac,
pulmonary, and/or hemodilution are actually reduced with
EAA (Table 1).

Another potential problem with postoperative analgesia
is opioid-induced respiratory depression. Large surveys of
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patients receiving morphine through epidural catheters have
found the incidence of respiratory depression less than 1%,
comparable to parenteral and oral morphine.116 Additionally,
the combination of epidural opioid and local anesthetic can
reduce the amount of opioid needed.116,117

Catheter complications result from inadvertent penetra-
tion of the dural space, damage to neurovascular structures, or
infection. Accidental dural puncture during needle insertion
occurred 0.16–1.3% in a series of 51,000 epidural catheters,
and subsequent postdural headaches developed in 16–86% of
these patients.118–121 Although the exact etiology is unclear,
transient neurologic symptoms (TNS), characterized by sharp
radicular back pain or paresthesias, may be related to nerve
root irritation by the catheter or intrathecal injection of local
anesthetics.122 Risk factors for the development of TNS are
lidocaine as the local anesthetic, lithotomy position, obesity,
and outpatient status.123 Symptoms usually resolve after cath-
eter removal. Meningitis and epidural abscess are rare. A
review of 65,000 epidural cases identified only 3 cases of
meningitis and no epidural abscess.124 Dural puncture, sep-
ticemia, prolonged indwelling catheter, and nonsterile tech-
nique may increase the risk of meningitis.125,126 However, a
review of 75 ICU patients with epidural catheters, 9 of whom
were bacteremic, found no catheter-related infections.127

Paraplegia, the most feared complication of epidural anesthe-
sia, is usually the result of an epidural hematoma during
catheter placement or removal.128 Rarely, a spinal abscess or
anterior spinal artery syndrome will cause paraplegia. The
incidence of epidural hematoma formation was estimated to
be less than 1 in 150,000 in one study and found to be none
in a second series of 100,000.129,130 Injury to the spinal
vasculature during catheter placement occurs in approxi-
mately 3–12% of cases, yet this rarely results in symptomatic
epidural hematomas.131,132 Symptomatic epidural hematomas
are usually associated with anticoagulation, catheter place-
ment/removal during anticoagulation, and/or trauma during
catheter placement. Early recognition and emergent decom-
pressive laminectomy within 8 hours of diagnosis have been
shown to improve outcomes.133 A review of 61 cases of
symptomatic epidural hematomas found that 41 (68%) pa-
tients had coagulation defects. This association has led to one
of the most controversial issues surrounding EAA: the use of
anticoagulation and risk of epidural hematoma formation.

Many critics of EAA have commented on the inability
to provide appropriate deep venous thrombosis prophylaxis
or anticoagulation in their patients. Reports in the late 1990s
of epidural hematomas associated with low–molecular weight
heparin (LMWH) prompted The American Society of Re-
gional Anesthesia and Pain Medicine (ASRA) to address the
use of anticoagulation and EAA.134 The ASRA reviewed
several studies using therapeutic and/or subtherapeutic anti-
coagulation with EAA. Therapeutic anticoagulation and epi-
dural anesthesia had been used in 1000 vascular surgery

patients treated with either perioperative coumadin (INR
�1.5) or with intravenous intraoperative heparin without the
development of epidural hematomas. All of these patients had
their epidural catheters safely removed � 48 hours.135 Two
other large studies of more than 650 orthopedic patients with
epidural catheters receiving low-dose coumadin postopera-
tively had no evidence of epidural hematomas.136,137 The safe
use of unfractionated subcutaneous heparin for deep venous
thrombosis (DVT) prophylaxis and epidural anesthesia was
supported in a review of more than 5000 patients.132 Thus,
the safety of both therapeutic anticoagulation and DVT pro-
phylaxis has been affirmed in multiple studies and by the
ASRA. In addition, the other noted benefits of improved
lower extremity blood flow, anticoagulant properties of local
anesthetic, and earlier mobility will likely augment the ben-
efits of anticoagulation.

LMWH deserves particular attention because of the
disparity in the literature regarding the risk of epidural hema-
toma. LMWH was first approved for use in Europe before its
release in the United States in 1993. Review of the European
experience with epidural anesthesia and LMWH in over 9000
patients reported no bleeding complications associated with
LMWH and regional anesthesia.133,137 However, in the United
States, there were several reports of hemorrhagic complications
during LMWH use. Over a 5-year period between 1993 and
1998, 40 epidural hematomas were reported in association
with LMWH, an incidence of approximately 1 in 10,000.139

The reason for the difference between the 2 continents was
postulated to be the dosing (higher doses in the USA), timing
differences, and the more frequent use of spinals in Europe
which carry a lower risk than epidurals. In any case, the higher
bleeding complications associated with LMWH and the inability
to reverse its effects warrants caution, and the risk of epidural
hematoma should be compared with the potential benefits of
epidural anesthesia on an individual basis. The ASRA maintains
an excellent informative web site, http://www.asra.com/
items_of_ interest/consensus_statements/index.iphtml, which
provides current recommendations regarding the application of
regional anesthesia during various forms of anticoagulation.134

OVERALL MORTALITY/COST AND
LENGTH OF STAY

As reviewed above, epidural anesthesia and analgesia
positively affect several important outcome measures (eg,
vascular graft patency, DVT, intestinal ileus). There are few
good data, however, to suggest that epidural anesthesia/
analgesia result in improved postoperative mortality, cost of
care, or hospital length of stay in surgical patients.50,140–143

Retrospective studies have concluded that effective epidural
analgesia does affect length of stay. For example, a large
retrospective study of 462 consecutive cancer patients under-
going surgery reported that both ICU days (1.3 days versus
2.8 days, P � 0.05) and hospital length of stay (11 days
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versus 17 days, P � 0.05) were decreased in patients treated
with perioperative epidural anesthesia/analgesia compared
with those treated with general anesthesia/IV-PCA (Table
1).43 A recent randomized study in patients undergoing co-
lonic surgery reported not only a positive impact on bowel
function and intake of food, but also long-lasting effects on
exercise capacity and health-related quality of life.16

“Preemptive analgesia” describes the concept of de-
creasing pain perception and overall analgesic needs after
surgery by use of a drug regimen capable of inhibiting CNS
sensitization before the application of painful stimuli.144 The
hypothesis of preemptive analgesia, therefore, is that block-
ade of painful stimuli (ie, nociception) by techniques such as
regional anesthesia before the surgical stimulus will affect the
perception of subsequent painful stimuli.141,145 A recent
study reported that preemptive epidural analgesia in patients
undergoing radical prostatectomy was associated with signif-
icantly decreased postoperative pain not only during hospi-
talization, but even weeks after discharge.146 Another study
has suggested that phantom limb pain might be reduced in
patients treated with perioperative epidural anesthesia/anal-
gesia. However, the validity and clinical relevance of pre-
emptive analgesia has been questioned.144,145,147,148 Our re-
view of the literature suggests it is unlikely that any effects of
preemptive analgesia translate into clinically relevant long-
term improvements in patient satisfaction or outcome.

SUMMARY
This review indicates that the use of intraoperative

epidural anesthesia combined with postoperative epidural
analgesia is associated with reduction in the incidence and
severity of perioperative physiologic perturbations and post-
operative morbidity (Table 1). In most cases, thoracic epi-
dural anesthesia/analgesia with local anesthetics administered
throughout the perioperative period, beginning before surgi-
cal stimulation and continuing for 24–72 hours postopera-
tively, is essential to maximize these surgical outcome ben-
efits. However, it is emphasized that the combination of
epidural opioids and local anesthetics provides synergistic
analgesia, provides superior analgesia with activity, and can
be accomplished with less toxicity than either class of drugs
alone. Reductions in morbidity due to thrombotic complica-
tions in complex vascular operations make epidural anesthe-
sia and analgesia the standard of care in these settings.
Shortened duration of postoperative ileus after abdominal
operations using these techniques undoubtedly will translate
into decreased length of stay and patient satisfaction. Can the
effects of epidural analgesia on the surgical stress response,
thromboembolic complications, immune function, respiratory
function, and the cardiovascular system result in objective
improvements in outcomes in surgical patients? We believe
the answer is “Yes.” Surgeons should become familiar with
and embrace this technology, and they should actively par-

ticipate in the design and conduct of studies that will answer
the question posed above.
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